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The status of the pygmy shrew (Sorex minutus L.) as a native or an introduced species in Ireland has been subject
to much debate. To examine this and other aspects of the colonization history of the Irish pygmy shrew, genetic
variation was determined in 247 pygmy shrews collected throughout Ireland, using mitochondrial control region
sequences and five polymorphic microsatellite loci. Genetic diversity was low for both types of marker. The
median-joining network for control region sequences was star-like, suggesting that the colonization of Ireland
involved a small number of founders and rapid population expansion thereafter; this was supported by other
statistics. Molecular dating with both mitochondrial DNA and microsatellite data is consistent with a human
introduction. This would have been several thousand years ago; a recent colonization within historical times can
be ruled out. This is the first detailed population genetic study of the pygmy shrew anywhere in its range. © 2009
The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 97, 918–927.
ADDITIONAL KEYWORDS: control region – human introduction – Ireland – microsatellites – mitochondrial
DNA – phylogeography – small mammal.
INTRODUCTION
In recent years, there has been an upsurge in interest
in how and when Ireland acquired its current impov-
erished mammalian fauna (Searle, 2008). It is certain
that some of the species that are found in Ireland (e.g.
the stoat Mustela erminea) colonized naturally (i.e.
native to Ireland; Martínková, McDonald & Searle,
2007) and others (e.g. the house mouse Mus muscu-
lus) were brought by humans (i.e. introduced to
Ireland; Searle et al., 2009). One species for which
there has been considerable debate about its coloni-
zation history is the pygmy shrew Sorex minutus
(Yalden, 1981; Hayden, 2002; Mascheretti et al.,
2003). So much so, that it has been highlighted as a
species whose mode of colonization needs to be under-
stood to appreciate properly the origin of Ireland’s
biota (the ‘pygmy shrew syndrome’; Devoy, Sleeman &
Woodman, 1986). The widespread distribution of the
pygmy shrew on Ireland gives the impression that it
is a native, although this may be illusory, given that
introduced species may spread rapidly (e.g. the
American mink Mustela vison was introduced onto
Ireland in the 1950s and is now nearly ubiquitous;
Dunstone & MacDonald, 2008). Among those who
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have considered the pygmy shrew to be native,
Hayden (2002) gave a date of 9600 years BP for its
time of arrival onto Ireland, based on availability of
suitable habitat, and Yalden (1981) argued that the
pygmy shrew crossed onto Ireland over a low-lying
marshy land-bridge that excluded other species of
mammal not found on Ireland (e.g. the common shrew
Sorex araneus and the field vole Microtus agrestis).
However, there is considerable uncertainty as to
whether there was any sort of land-bridge connecting
Ireland to either Britain or continental Europe after
the Last Glacial Maximum (LGM) (Lambeck &
Purcell, 2001; Edwards & Brooks, 2008). Given that
they are not sufficiently cold tolerant to have been
able to survive in the vicinity of Ireland at the LGM,
it is reasonable to argue that, as an alternative to
having a native status, pygmy shrews may in fact
have been introduced. The species is known to have
been introduced onto other islands within the British
Isles (Orkney and the Outer Hebrides; Churchfield
& Searle, 2008). Based on their study comparing
mitochondrial (mt)DNA sequences of pygmy shrews
throughout their range, Mascheretti et al. (2003) sug-
gested that the species was introduced onto Ireland
from south-west Europe, although Edwards &
Bradley (in press) interpreted the same data as evi-
dence for an introduction from Italy in the 17th
Century, in connection with the wine trade.
In the present study, we use a genetic approach to
study the colonization history of the pygmy shrew
sensu Mascheretti et al. (2003). However, we entirely
focus on the genetic variation in the species in
Ireland. In this way, we can say nothing about the
source area of Irish pygmy shrews, but can examine
issues such as when they colonized and the nature of
the population expansion thereafter. Despite the fas-
cinating mix of natural and human involvement in
the colonization of Ireland by mammals, very few
species have been subjected to detailed Ireland-wide
genetic analysis (Hamill, Doyle & Duke, 2006, 2007;
Finnegan, Edwards & Rochford, 2008). The present
study utilizes both mtDNA sequences and micro-
satellite typing. In comparison with the mtDNA
sequencing of 14 pygmy shrews from six localities in
Ireland by Mascheretti et al. (2003), we analysed 247
individuals from 20 localities.
MATERIAL AND METHODS
SAMPLE COLLECTION AND DNA EXTRACTION
Live pygmy shrews were sampled in Ireland using
two trapping methods: pitfall trapping and Trip-Traps
(Proctor Bros.), under licence from Dúchas Ireland.
Subsets of a total of 247 pygmy shrews from 20
localities (Fig. 1A, Table 1) were analysed for mtDNA
and microsatellites. DNA was extracted from ethanol-
preserved tissue from tail ends, toe clippings or liver
using the DNeasy Blood & Tissue Kit (Qiagen) accord-
ing to the manufacturer’s protocol.
Table 1. Details of sampling localities and number of individuals collected (N) in each
Locality Location County Coordinates N
1 Gweedore (GWE) Donegal 55°03′N 08°23′W 22
2 Greysteel (GRY) Derry 55°00′N 07°15′W 20
3 Mountcharles (MOU) Donegal 54°39′N 08°18′W 10
4 Belfast Antrim 54°30′N 06°55′W 1
5 Killala (KLA) Mayo 54°10′N 09°15′W 18
6 Ballinamore (BAL) Leitrim 53°57′N 07°47′W 19
7 Carlingford (CFD) Louth 54°02′N 06°11′W 20
8 Kinvarra (KIN) Galway 53°09′N 08°52′W 20
9 Boora (BOO) Offaly 53°15′N 07°45′W 20
10 Rathangan (RAT) Kildare 53°16′N 06°58′W 7
11 Glendalough (GLE) Wicklow 53°00′N 06°23′W 7
12 Adare (ADA) Limerick 52°35′N 08°50′W 25
13 Killorglin Kerry 52°10′N 09°50′W 2
14 Killarney (KLY) Kerry 52°03′N 09°32′W 18
15 Allihies Cork 51°40′N 10°05′W 1
16 Whiting Bay (WHI) Cork 51°50′N 07°50′W 14
17 Kill (KIL) Waterford 52°10′N 07°20′W 6
18 Tintern Abbey (TIN) Wexford 52°14′N 06°50′W 10
19 Begerin Wexford 52°25′N 06°30′W 2
20 Camolin Wood Wexford 52°35′N 06°25′W 5
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MITOCHONDRIAL DNA ANALYSIS
Mitochondrial DNA sequences were obtained from a
total of 131 individuals from 20 locations. The left
domain of the control region was amplified and
sequenced using primers tRNAPro (Stewart & Baker,
1994a) and PS-CD (McDevitt et al., in press) accord-
ing to a previously described protocol (McDevitt et al.,
in press).
Chromatogram contigs were assembled in Sequen-
cher 4.2 (GeneCodes) and sequences were aligned
manually using Se-Al 2.0 (Rambaut, 1996). The left
domain of the Sorex control region contains 234–
624 bp of tandem repeats, with each repeat being 78 bp
in length (Stewart & Baker, 1994a, b; Fumagalli et al.,
1996). In our analysis, we used 129 bp of the flanking
sequence at the 3′ end of the tandem repeats, the last
tandem repeat at the 5′ end, and 114 bp of the flanking
sequence at the 5′ end (which includes the hypervari-
able part of the control region). This resulted in a total
of 321 bp, as used by McDevitt et al. (in press).
Nucleotide diversity of pygmy shrews in Ireland as
a whole was calculated using DnaSp 4.10.9 (Rozas
et al., 2003). Haplotypes were identified and relation-
ships among haplotypes were examined using a
median-joining network constructed in NETWORK,
version 4.2 (Bandelt, Forster & Röhl, 1999).
Recent population expansion from small founder
populations was tested using three methods imple-
mented in ARLEQUIN, version 3.11 (Excoffier, Laval
& Schneider, 2005); Fu’s (1997) FS statistic, Tajima’s
(1989) D statistic, and mismatch distributions of pair-
wise nucleotide differences. Mismatch distributions
were calculated and compared with expected values
for an expanding population (Rogers & Harpending,
1992) by testing for goodness-of-fit statistics based on
the sum of square deviations (SSD) for a model of
sudden expansion. Tests for goodness-of-fit for all
three methods were generated using parametric boot-
strapping with 10 000 replicates.
MICROSATELLITE DATA ANALYSIS
In total, five polymorphic microsatellites were used in
this study; A6, B4, D2, D8 (Naitoh et al., 2002), and
Figure 1. Locations of sampling localities and haplotype distribution in Ireland (A) and median-joining network of 44
Irish haplotypes (B). For names and coordinates of sampling localities, see Table 1. Ire1 (orange) is found in seven
localities and Ire2 (dark green) is found in nine localities. Ire3 (light green), Ire4 (purple), Ire5 (blue), and Ire6 (white)
are all found in two localities respectively. Yellow haplotypes are haplotypes unique to that locality. Numbers on branches
indicate more than one mutation event.
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L33 (Balloux et al., 1998). A total of 236 individuals
from 15 locations that provided at least six individu-
als (Table 1) were genotyped in 10-mL multiplex reac-
tions containing 1 mL of DNA extract, 1¥ Multiplex
PCR MasterMix (Qiagen) with primer concentrations
in the range 0.5–1.0 mM. Amplification conditions
were: 95 °C for 15 min; 35 cycles of 94 °C for 45 s,
58 °C for 90 s, 72 °C for 1 min, and a final extension
at 72 °C for 45 min. All polymerase chain reaction
products were run on an ABI PRISM 3130xl Genetic
Analyser 16 Capillary system (Applied Biosystems)
and sized with internal lane standard (600 LIZ;
Applied Biosystems) using GENEMAPPER, version
4.0 (Applied Biosystems). Twenty-five individuals
(10.6%) chosen randomly from the dataset were
re-amplified for the five loci (Bonin et al., 2004). No
allelic dropouts were evident from visual inspection of
the data. Nevertheless, MICRO-CHECKER (Van
Oosterhout et al., 2004) was used to test for the pres-
ence of null alleles, large allele drop out, and possible
scoring errors. Null alleles have not been reported
previously for any of the loci used in the present study
(Naitoh et al., 2002; White & Searle, 2007). LOSITAN
(Antao et al., 2008) was used to detect positive or
balancing selection for the five loci used in this study.
This method is based on identifying outlying values of
FST from FST versus heterozygosity plots (Beaumont &
Nichols, 1996) and was carried out using forced FST
means as recommended and 50 000 simulations
under both an infinite alleles model (IAM) and a
stepwise mutation model (SMM).
FSTAT, version 2.9.3 (Goudet, 1995) was used to
estimate allelic richness (AR). Observed (HO) and
expected (HE) heterozygosities in each population
were calculated in ARLEQUIN, version 3.11. The
inbreeding coefficient, FIS, was determined for each
locus in each population with significance levels cal-
culated by randomizing alleles among individuals
within each population and comparing this to the
observed data to determine deviations from Hardy–
Weinberg equilibrium using 10 000 permutations.
Tests for linkage disequilibrium between all pairs
of loci within each population and overall were
implemented in GENEPOP, version 3.4 (Raymond &
Rousset, 1995) using 10 000 permutations.
The overall degree of genetic differentiation, and
differentiation between pairs of populations was
determined by calculating FST (Weir & Cockerham,
1984) implemented in FSTAT, version 2.9.3 and
RST (Slatkin, 1995) implemented in ARLEQUIN,
version 3.11. The effect of the mutation model used
on population differentiation was tested to see if
overall FST = overall RST (Hardy et al., 2003) in
SPAGeDi, version 1.2 (Hardy & Vekemans, 2002)
using 10 000 permutations. Isolation by distance of
pairwise FST values (Rousset, 1997) was determined
using a Mantel test implemented in GENEPOP,
version 3.4 (Raymond & Rousset, 1995) using 10 000
permutations. Pairwise geographical distances were
calculated as the shortest straight-line distances
between populations overland using ARCVIEW,
version 3.2.
MOLECULAR DATING
The expansion time for the Irish pygmy shrew popu-
lation was estimated from the mismatch distribution
of the 5′ flanking sequence (114 bp) of the control
region tandem repeats, applying the relationship
t = 2ut (where t is the time subsequent to expansion
in units of 1/2u generations), using a generalized least
squares approach adapted from Rogers (1995), sensu
Schneider & Excoffier (1999). Generation time was
assumed to be one year (Churchfield & Searle, 2008).
An evolutionary rate of 15–31% Myr-1 was applied,
based on the rate derived from other Sorex species for
the flanking sequence at the 5’ end (Stewart & Baker,
1994a).
The genetic divergence between populations using
microsatellites was estimated with POPULATIONS,
version 1.2.30 (Langella, 2002). This involved (dm)2
(Goldstein et al., 1995) as a genetic distance, which
assumes a SMM increasing linearly with time and
was considered appropriate for dating analysis
because no significant difference was detected
between mutation models for population differentia-
tion (see Results). Divergence time was calculated as
(dm)2/2b, where b is the mutation rate for microsatel-
lite loci (Heckel et al., 2005). An average mutation
rate for microsatellite loci of 5 ¥ 10-4 per generation
(Estoup, Jarne & Cornuet, 2002) was applied and
generation time was assumed to be 1 year (Church-
field & Searle, 2008). Populations with less than ten
genotyped individuals were excluded from this analy-
sis because of the high variance associated with
estimates based on a SMM and small sample sizes
(Gaggiotti et al., 1999).
RESULTS
MTDNA
Forty-nine polymorphic nucleotide sites were identi-
fied from 321 bp of the control region which resulted
in 44 unique haplotypes among 131 individuals with
an overall nucleotide diversity of 0.00856 ± 0.00048.
Fourteen of the polymorphic sites (28.6%) were found
in the flanking sequence at the 5’ end of the tandem
repeats, 25 (51%) in the last tandem repeat; and
ten (20.4%) in the flanking sequence at the 3’ end.
Sequences were deposited in GenBank (accession
numbers: FJ358178–FJ358221).
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The median-joining network of Irish individuals
revealed a star phylogeny with two major haplotypes
(Ire1 and Ire2) occurring at a high frequency
(Fig. 1B). Ire1 was found in seven localities and Ire2
was found in nine localities from north to south
throughout the country (Fig. 1A). Four more haplo-
types (Ire3–6) were found in multiple localities;
the remaining 38 haplotypes were unique to their
localities.
Mismatch distributions of the flanking sequence at
the 5’ end of the tandem repeat region corresponded
to a population that has undergone a sudden
demographic expansion (SSD: 0.00013605; P = 0.917;
Fig. 2). FS and D values were significantly different
from zero (-14.970; P < 0.001 and -2.012; P = 0.002,
respectively).
MICROSATELLITE DNA
In total, 62 alleles were identified in five microsatel-
lite loci from Irish pygmy shrews (A6, N = 12; B4,
N = 13; D2, N = 14; D8, N = 15; and L33, N = 8). There
was evidence for the presence of null alleles in four
out of the five loci used in seven out of 15 populations
(see Supporting information, Table S1). Locus D8
showed evidence of null alleles in five populations.
Locus L33 was the only locus that showed no evidence
of null alleles. Adjusted allele frequencies (Van Oost-
erhout et al., 2004) were of the same order of magni-
tude as unadjusted frequencies, thus, all the results
presented here are based on the observed frequencies
(Yannic, Basset & Hausser, 2008). No scoring errors
due to stuttering or large allele drop-out were
observed (Van Oosterhout et al., 2004). No locus
showed evidence of positive or balancing selection
under the IAM but loci A6 and L33 showed evidence
of balancing selection (P = 0.006 and P = 0.001,
respectively) under the SMM.
Generally, there was consistency between popula-
tions in measures of genetic diversity (Table 2):
mean numbers of alleles per locus = 4.00–8.40; allelic
richness = 3.98–5.38; observed heterozygosity = 0.49–
0.79; and expected heterozygosity = 0.61–0.79. Tests
for linkage disequilibrium over all populations
revealed that no loci showed evidence of linkage.
Several populations deviated from Hardy–Weinberg
equilibrium at the 5% significance level (Table 2) but
none were significant after Bonferroni correction
(P = 0.00067) was applied (Rice, 1989).
Global FST over all populations was 0.047 (95%
confidence interval (CI) = 0.029–0.065; P < 0.0001).
Global RST over all populations was 0.045 (95%
CI = 0.024–0.066; P < 0.0001). Only pairwise FST
values are quoted because no significant differences
was found between overall FST and overall RST esti-
mates (P = 0.8094; Hardy et al., 2003). Furthermore,
FST is considered more appropriate for studies using
small sample sizes (Gaggiotti et al., 1999) as used in
the present study. Differentiation between popula-
tions was generally low and nonsignificant, with only
42 out of 105 pairwise comparisons significant
(Table 3). Isolation by distance is a factor involved
in the differentiation that is present (Mantel test:
P = 0.0455; Fig. 3).
Figure 2. Mismatch distribution of the number of pair-
wise nucleotide site differences. Black circles represent the
observed distribution and grey bars represent the expected
distribution for an expanding population.
Table 2. Summary of genetic diversity statistics for each
population in Ireland using five microsatellite loci
Population FIS A AR HO HE
Gweedore 0.098* 5.6 3.98 0.57 0.63
Greysteel 0.031 6.8 4.44 0.65 0.67
Mountcharles 0.044 5.8 4.89 0.70 0.73
Killala 0.071 8.0 5.34 0.69 0.74
Ballinamore -0.012 6.2 4.64 0.76 0.75
Carlingford 0.174* 7.0 4.99 0.61 0.73
Kinvarra 0.228* 8.0 5.36 0.61 0.79
Boora 0.157* 7.4 5.17 0.66 0.78
Rathangan 0.062 4.8 4.56 0.69 0.73
Glendalough 0.202* 5.2 4.90 0.63 0.78
Adare 0.093* 8.4 5.16 0.67 0.74
Killarney -0.042 8.2 5.38 0.79 0.76
Whiting Bay 0.213* 5.2 4.10 0.49 0.61
Kill -0.010 4.0 4.00 0.67 0.66
Tintern Abbey 0.050 5.8 4.62 0.68 0.71
FIS, inbreeding coefficient (*statistical significance,
P = 0.05); A, mean number of alleles; AR, allelic richness
corrected for the smallest population size; HO and HE,
observed and expected heterozygosities, respectively.
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MOLECULAR DATING
Time of expansion based on Rogers’ (1995) t (0.639;
95% CI = 0.389–1.109) using an evolutionary rate of
15–31% Myr-1 gave an estimate of 9041–18 684 yr BP
(5504–32 426 yr BP). Estimates of divergence times
between populations using microsatellites were in the
range of 393–6341 yr BP (see Supporting information,
Table S2). The largest estimates were generally
between the most northerly populations (Gweedore
and Greysteel) and the others.
DISCUSSION
GENETIC DIVERSITY OF IRISH PYGMY SHREWS
Levels of genetic diversity were generally low for both
mitochondrial (control region) and nuclear (microsat-
ellite) markers. Considering mtDNA variation, nucle-
otide diversity of control region haplotypes in Ireland
(p = 0.00856) was much lower than that found in
known glacial refugia for the pygmy shrew: Italy
(p = 0.02746), Spain (p = 0.01786), and the Balkans
(p = 0.02863; McDevitt et al., in press). Levels of
nucleotide diversity in Ireland were similar to those
found in distinct control region lineages of Sorex
antinorii in the Swiss Alps (Yannic et al., 2008) and in
S. araneus in Sweden (Andersson, Alström-Rapaport
& Fredga, 2005) that only colonized those regions at
the end of the last glaciation. The control region
nucleotide diversity in Irish pygmy shrews is also of
the same order of magnitude as that found in small
island populations of the Australian bush rat Rattus
fuscipes greyii (Hinten et al., 2003). These islands
have been separated from mainland Australia since
11 900–6000 yr BP.
In addition, Mascheretti et al. (2003) previously
found low levels of genetic diversity and a star phy-
logeny in Irish pygmy shrews based on mitochondrial
cytochrome b data from 14 individuals. They argued



















































































































































































































































































































































































































































































































































































































































































































Figure 3. Isolation by distance for Irish populations
derived from five microsatellite loci.
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few founders and rapid expansion thereafter. In the
present study, this was examined in more detail using
a much larger control region dataset. Forty-four hap-
lotypes were found in 131 individuals from through-
out the island (Fig. 1B), of which six haplotypes
were found in multiple localities (Fig. 1A). This also
resulted in a star phylogeny with two central, wide-
spread haplotypes, Ire1 and Ire2 (Fig. 1B), found in
seven and nine localities throughout Ireland, respec-
tively (Fig. 1A). The mismatch distribution and sig-
nificantly negative FS (Fu, 1997) and D (Tajima, 1989)
values confirm that the Irish population as a whole
conformed to the sudden expansion model (Fig. 2),
again consistent with rapid expansion from a few
founders.
Measures of genetic diversity using microsatellites
(allelic richness and expected heterozygosity) were
generally low in all Irish populations (Table 2) and
were similar to those found in small island popula-
tions of shrews (Naitoh & Ohdachi, 2006; White &
Searle, 2007, 2008) and other small mammals
(Hinten et al., 2003; Telfer et al., 2003). This is likely
due to a founder effect from a small number of colo-
nizing individuals because although Ireland is an
island, it is large in size (70 280 km2) and has a
sufficiently wide range of habitats (Yalden, 1999) to
discount any ‘island effects’ that may lead to a reduc-
tion in genetic diversity (Kohn & Walsh, 1994; White
& Searle, 2007). Neither was this reduction in genetic
diversity due to inbreeding because this was not
found in any of the populations analysed and evidence
of selection on the microsatellite loci used was incon-
clusive. MICRO-CHECKER (Van Oosterhout et al.,
2004) revealed the presence of null alleles in four out
of the five loci used, although the use of adjusted
allele frequencies did not significantly change the
results of any of the analyses performed.
Pairwise FST values of pygmy shrew populations in
Ireland were mostly nonsignificant (Table 3). This is a
similar situation to the Irish mountain hare, which
also shows a similar overall FST value as the Irish
pygmy shrew (0.035; Hamill et al., 2007). Weak dif-
ferentiation in both species is not surprising given
that the dissection of the Irish countryside is only a
recent phenomenon (Hamill et al., 2007).
MOLECULAR DATING
Applying an evolutionary rate of 15–31% Myr-1 to the
mitochondrial control region data gave an estimate of
9041–18 684 yr BP (5504–32 426 yr BP) for the time
of expansion of the Irish pygmy shrew population.
This estimate places the expansion event between the
retreat of the glacial ice sheet at the end of the LGM
and the arrival of human settlers in Ireland
(Woodman, McCarthy & Monaghan, 1997). Therefore,
using a ‘standard’ Sorex evolutionary rate does
not distinguish between a natural versus human-
mediated colonization. This estimate does rule out a
very recent (17th Century) colonization as proposed
by Edwards & Bradley (in press) and indicates that
the pygmy shrew has a long-standing presence of
several thousand years at least in Ireland. However,
it is likely that the use of ‘standard’ evolutionary
rates is inappropriate for a population undergoing a
sudden expansion because it relies on deep calibra-
tion points (Ho et al., 2005). Ho et al. (2005, 2007)
have argued that evolutionary rates are vastly under-
estimated at the intraspecific level and therefore
population expansions and divergences have been
overestimated. Given that much higher evolutionary
rates have been reported for the control region of
common voles Microtus arvalis (Heckel et al., 2005),
it is likely that the evolutionary rate used here is
underestimated. For example, if we were to apply
the evolutionary rate of the common vole (a small
mammal) of 60.4% Myr-1 (Heckel et al., 2005), this
would give an estimate of 4640 yr BP (2825–8053 yr
BP) for the time of expansion. This estimate and that
from microsatellites (between population divergences
up to 6341 yr BP; see also Supporting information,
Table S2) are consistent with a human-mediated
introduction. These estimates place the pygmy
shrews’ arrival in Ireland in the Neolithic period, and
are approximately around the time of the undated
pygmy shrew fossil found in a Megalithic tomb in
Ballycarty, Co. Kerry (5–6 kyr BP; M. McCarthy, pers.
comm.). This new timing still rules out the recent
introduction proposed by Edwards & Bradley (in
press).
These estimated dates of human introduction for
the Irish pygmy shrew make an interesting contrast
with the Irish stoat. Molecular and fossil data suggest
earlier natural colonization by the stoat, probably
around the LGM (Martínková et al., 2007). It is
notable that Irish stoats show greater mtDNA vari-
ability than British stoats (Martínková et al., 2007),
whereas the reverse is true in the pygmy shrew
(Mascheretti et al., 2003). With respect to stoats, it
appears that the early separation of Ireland as an
island protected the genetic variability of the stoats,
which was lost in Britain by natural replacement
from continental Europe. With respect to pygmy
shrews, whatever the interactions over the land-
bridge between Britain and continental Europe, the
variability is greater in the British pygmy shrews
than in the Irish, consistent with the latter being a
small-scale introduction by humans.
CONCLUSIONS
Pygmy shrews have been present in Ireland for
several thousand years. The absence of similar
924 A. D. MCDEVITT ET AL.
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species in Ireland (common shrew and various vole
species present on mainland Britain) casts doubt on
a natural colonization over putative land-bridges.
Pygmy shrews are present (similar to Ireland, in the
absence of common shrews) on the Outer Hebrides
and Orkney off the coast of Scotland and these islands
have not been connected to mainland Scotland sub-
sequent to the LGM (Corbet, 1961; Yalden, 1999).
Therefore, it is likely that there was a human-
mediated introduction of pygmy shrews to these
islands and Ireland also, as supported by this molecu-
lar study on the Irish shrews. There can be no doubt
of the important role that humans have played in the
constitution of the mammalian fauna found in Ireland
(Hayden, 2002; Searle, 2008). This continues to the
present day because the greater white-toothed shrew
(Crocidura russula) has become established within
the last decade in south-western Ireland, after an
apparently accidental introduction (Tosh et al., 2008).
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